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Introduction. 
The pathological processes in the more serious 
forms of mental disorder, especially those now 
grouped under the title of schizophrenia, have long 
proved a peculiarly difficult subject for scientific 
study. While men such as Kraepelin did much to 
clarify our conceptions by giving detailed clinical 
descriptions of the disorder, yet the methods ordi- 
narily used to elucidate the pathology of physical 
disease, namely morbid anatomy and bacteriology 
proved inadequate in this sphere. 
If progress were to be made, new conceptions 
were needed in order to understand and treat the 
schizophrenic disease process. Adolf Meyer (22)x 
takes the view that schizophrenia is the result of 
the progressive maladaptation of the patient to his 
environment. It is not a "disease" but a congeries 
of individual types of reaction, having certain 
general similarities. Although from the practical 
standpoint, Meyer believes that the subjective or 
psychological approach to the patient is the most 
xThe numbers in brackets refer to the Bibliography. 
2. 
effective in the early stages, yet he does not 
disregard anything which is of established value 
in the field of physical pathology. 
After mentioning that physicians are now 
concerned, for instance, with early tuberculous 
infection instead of "consumption ", he says, "In 
the same way, a knowledge of the pathological 
process in schizophrenia will put us in a position 
to regulate the patient's mental and physical 
habits, as long as dementia is merely potential 
and not an 
conditions 
process. 
accomplished fact. To be sure, the 
are not so simple as with an infectious 
The balancing of mental activity and 
its influence on the autonomic nervous mechanisms 
can miscarry in many ways." 
The passage just quoted speaks for a more 
careful study of physiological changes in the 
early stages of chronic mental disorder. This 
being so, there are reasons for directing atten- 
tion particularly to the respiratory system. While 
it has long been known that changes in breathing 
are closely related to mental changes, certain 
recent experiments with carbon dioxide have shown 
what striking effects can be produced on the 
3. 
patients in a catatonic stupor by the admini- 
stration of this gas. 
Scarcely any more striking experiment has 
been carried out in connection with schizophrenia, 
than that reported by Loevenhart, Lorenz and 
Waters in 1929 (19). They showed that mixtures 
of carbon dioxide and oxygen under certain cir- 
cumstances produced a striking effect on cata- 
tonic stupor. Patients who for years had remain- 
ed mute, became responsive to their environment 
for periods varying from two to twenty -five 
minutes. The mutism and muscular rigidity dis- 
appeared and they answered questions when address- 
ed. The writer with C.P. Richter carried out one 
such experiment in 1930 at the Johns Hopkins 
Hospital, Baltimore. 
The procedure as described by Loevenhart is 
as follows - The patient at first inhales a 
mixture containing 15 per cent of carbon dioxide 
and 85 per cent of oxygen. Within a minute or 
less, respiratory stimulation develops which is 
easily observed in the type of case selected, 
because normally the respiratory movements are 
quite shallow, slow and regular. They found, 
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however, that a more marked response was invari- 
ably obtained if the carbon dioxide content of 
the mixture were increased. This should there- 
fore be increased, but not by more than 5 per 
cent each minute, until a final concentration of 
30 -40 per cent is reached, the oxygen concentra- 
tion being therefore 60 - 70 per cent. 
The usual response of the patient to the 
administration_ of this mixture was as follows. 
The catatonic patient usually relaxed, and some 
spontaneous movements of the extremities occurred. 
The limbs became flaccid except in long standing 
cases where contractures had developed. Sweat- 
ing also occurred. The patient gazed round him 
with dilated pupils. In most cases expiratory 
phonation was observed. A conversation was some- 
times possible with the patient. Those patients 
having a smirk or silly grin, lost it, and those 
exhibiting an apathetic expression, changed to an 
animated expression, apparently characteristic of 
the individual. Tauscular movements of the extre- 
mities were purposeful and adequate. This re- 
sponse might last 2 -25 minutes or more in patients 
who had been previously markedly stuporous and 
5. 
wholly inaccessible. 
Such striking changes in a serious mental 
condition were well worth further study. Con- 
clusions, however, would be difficult to draw as 
long as human subjects were employed, for it re- 
mained doubtful how far the changes could be 
explained as being caused specifically by the 
action of carbon dioxide. It seemed possible 
that they were merely caused by fright or some 
other psychological cause. 
These workers were themselves doubtful how 
far the phenomena could be explained at the 
purely physiological level. They write: "The 
mental reaction, more especially the return to 
the stuporous state after a period of wakeful- 
ness, suggests seeking a refuge from reality, as 
though the world were a painful experience, and 
stupor and sleep preferable." 
SCOPE of the PRESENT EITQUIPY. 
The phenomena described above could be more 
exactly studied if the subject for experiment 
were a laboratory animal instead of a human 
being. If a macac monkey could be made cataleptic, 
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and then subjected to various doses of carbon 
dioxide, changes in the direction of stimulation 
or depression of function could be more precisely 
studied. The phenomena could be investigated at 
the purely physiological level in the simpler 
organism of the monkey. 
When the writer first helped carry out an 
experiment of the kind described above, he had 
already been engaged with C.P. Richter (30) on 
a method of studying the intensity and duration 
of the catalepsy produced in monkeys by bulbocap- 
nine. 
In what follows, an account is first of all 
given of the effects of varying doses of carbon 
dioxide on the intensity and duration of bulbo- 
capnine catalepsy in monkeys, a condition which 
closely resembles that described above in man. 
In addition, however, other problems were 
opened up. These authors commenting on the 
action of carbon dioxide wrote in the same article, 
"It is interesting to note the work of Golla, 
Mann and Marsh (8) in the light of our own 
study. These investigators have shown that 
in certain psychotic individuals there is a 
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marked reduction in the sensitivity of the 
respiratory centre to carbon dioxide. Our 
observations are in entire accord with this 
finding. Indeed, the decreased irritabil- 
ity of the cerebral cells to normal carbon 
dioxide content may be the crux of the 
psychotic state in question, since a suffi- 
cient increase in the carbon dioxide causes 
a restoration of what we regard as relative- 
ly normal psychic fúnction." 
The same writers also report that the re- 
spiration of the catatonic patients seemed shallow, 
slow and regular. 
Such statements as these bring home to one 
how little is definitely known about the respira- 
tion of psychotic patients. This fact caused the 
present writer to embark on further studies which 
were closely related to the first. These further 
observations comprise the second and third sections 
of the thesis. In them are reported the results 
of experiments conducted at the laboratories of 
the Laudsley and Colney Hatch hospitals, London. 
The second section concerns the amount of air 
breathed by catatonics and others,ard whether their 
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type of respiration differed from the normal in 
respect of depth and rate. In the third sec- 
tion, other abnormalities, especially connected 
with respiratory rhythm, are discussed. 
SECTION I. 
TILE EFFECTS OF CARBON DIOXIDE ITiTHALATION 
ON EXPERIMENTAL CATALEPSY IN MONKEYS. 
9. 
SECTIOTS I. 
THE EFFECTS OF CARBON DIOXIDE INHALATION ON 
EX PERILE TAL CATALEPSY IN MONKEYS. 
Catalepsy may be defined as a condition in 
which the individual tends to maintain an atti- 
tude however awkward for an indefinite period. 
It is to be distinguished from paralysis in that 
the individual may under certain circumstances be 
induced to move the limbs, 'but immediately there- 
after continues to hòld himself indefinitely in 
another posture. The chief importance of cata- 
lepsy from the medical point of view lies in the 
fact already mentioned that it is a symptom which 
is found in the catatonic form of schizophrenia. 
Catalepsy, however, is only one of the symptoms 
of catatónia. It may also be characterised by 
negativism, automatic mimicry of action or speech, 
impulsive movements, grimaces, sudden periods of 
excitement; also by certain symptoms relating to 
the autonomic nervous system, such as salivation, 
vomiting, sweating, incontinence of urine. The 
respiration is shallow. 
It was demonstrated by Peters (24) in 1904 
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that the injection of moderate doses of bulbAap- 
nine was capable of producing in animals a condi- 
tion of great inactivity and catalepsy. These 
do not move except when urged or prodded, and they 
maintain difficult and awkward postures for long 
periods of time. Bulbocapnine is an alkaloid 
obtained from the plant Çor_ydalis Çava. Its for- 
mula shows some similarity to that of apomorphine. 








It has been a matter for controversy how far 
the symptoms produced by this drug are comparable 
x 
Arch der Pharmazie 1902 quoted by de Jong and 
Baruk (13) p. 15. 
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to those found in the catatonic form of schizo- 
phrenia. De Tong and Baruk, in their book, 
"La Catatonie Expérimentale" p. 125 write: - 
"Nous avons montré que la bulbocapnine 
peut reproduire chez l'animal un état 
superposable dans tous ses détails à la 
catatonie humaine, c'est -à -dire non seule- 
ment la catalepsie qui, nous le répétons, 
n'est qu'un symptôme nullement caractér- 
istique à lui seul de la catatonie, mais 
encore le négativisme, les hyperkinésies 
(stéréotypies, impulsions, maniérisme) et 
des troubles organo- végétatifs." 
It must be pointed out, however, that not 
every investigator has so equated the symptoms 
of bulbocapnine poisoning with those of catatonia. 
(5) 
Some writers, e.g. Divry, have pointed out 
resemblances to the Parkinsonian syndrome, notice- 
ably in the tremor which occurs, especially in 
monkeys. The truth in the present writer's 
opinion is that the symptoms of bulbocapnine 
poisoning are not absolutely identical with those 
of catatonia in man. Nevertheless, the catalepsy 
together with the autonomic nervous symptoms 
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produces a picture sufficiently near, to justify 
conclusions being drawn from the action of drugs 
such as carbon dioxide upon it. 
The present writer in collaboration with 
C.P. Richter (29), devised a method for measuring 
the depth and duration of catalepsy in the monkey. 
This was by means of a "hanging reflex" which was 
present during the catalepsy. Catalepsy has 
already been defined as the tendency on the part 
of the individual to maintain an awkward attitude 
indefinitely. The degree of the catalepsy was 
measured by the length of time during which the 
monkey would maintain one particular position, 
namely hanging from a bar with one hand when the 
other three limbs were tied together. (See 
accompanying photograph,Fig. 1). The length of 
time between the monkey first holding on to the 
bar and finally dropping into the net could be 
measured exactly. If the monkey were made to 
hang by one hand at intervals after the injection 
of bulbocapnine, the length of time that it re- 
mained suspended at each hanging became less and 
less until the hanging response disappeared with 
the catalepsy. The fact that the monkey hung 












for a shorter and shorter period at each hanging 
was not caused by mere fatigue. A monkey, hung 
for the first time an hour after injection,re- 
mained suspended just as few seconds as a Monkey 
which had been hung at intervals since the injec- 
tion. In this way charts could be made (Chart I.) 
of the effect of bulbocapnine, the ordinates show- 
ing the degree of catalepsy and the abscissae the 
duration of the effect of the drug. 
It was found empirically that this hanging 
response was only present with doses of bulbocap- 
nine sufficiently great to produce catalepsy, and 
disappeared again with the larger doses which pro- 
duced over -activity and convulsions. 
It may be remarked that F.M.R. s'Valshe and 
E. Graeme Robertson: (32) consider that this hanging 
response described by us has little to do with the 
"grasp reflex" which is present in cases of certain 
tumours of the cerebral hemispheres. They consider 
the hanging response to be a reflex elicited by 
stretch in certain conditions of increased muscle tone. 
DESCRIPTION OF THE YETHOD. 
The apparatus used in the present study and 
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the method of hanging the animals is shown in the 
photograph. The horizontal brass bar from which 
the animals hang is three eighths of an inch in 
diameter, and is fastened to two stands, about 
three and a half feet above a net in which the 
animals are caught when they fall. 
In order to hang the monkeys by one hand at a 
time, it was necessary to tie the two legs and one 
arm together, because otherwise the animals invari- 
ably pulled themselves up on a bar and held on with 
both feet and hands. The normal procedure was to 
tie a strip of muslin bandage about three feet long 
round one leg just above the ankle joint; then 
round the other leg with a double loop and knot. 
It is important to tie each foot and hand separately 
in this way, for otherwise the monkey is able to 
escape from the bandage very easily and upset the 
readings. 
After the two legs and one arm are tied together, 
the animal is grasped by the head and lifted in the 
direction of the bar until the palm of the free hand 
comes in contact with the bar, and the animal is able 
to obtain a firm hold. The animal is then gently 
released. The time that it hangs before it falls 
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into the net is measured with a stop watch. It 
is important to call attention again to the fact 
that a normal monkey not under the influence of 
bulbocapnine refuses to hang, drops at once into 
the net, and attempts to run away. For the sake 
of clearness most of the charts show the record 
of the right hand only. 
The bulbocapnine was injected in doses which 
had previously been found to give the greatest 
degree of catalepsy. This was about 17 mg. per 
Kg. of body weight, injected subcutaneously. 
The carbon dioxide was given with a mask in 
concentrations varying from 15 to 50 per cent 
over periods of from one to six minutes. 
Several curves with moderate doses of bulbo- 
capnine alone were obtained from each animal 
before bulbocapnine in combination with carbon 
dioxide was administered. For the most part the 
carbon dioxide was given some time after the peak 
of the effect produced by bulbocapnine was reached, 
and the times during which it remained suspended 
had become shorter. 
Observations were made at the same time of 
changes produced by the carbon dioxide on the 
16. 
general behaviour of the animal, with special 
attention to the changes produced on its respon- 
siveness, as an index of any modification in the 
degree of catalepsy. 
RESULTS OF EXPERIMENTS. 
1. Effect of Carbon Dioxide on Bulbocapnine 
Catalepsy. 
Carbon dioxide was administered on 18 occa- 
sions to monkeys which had already been made cata- 
leptic by bulbocapnine, and on 40 occasions to 
normal monkeys to which no bulbocapnine had pre- 
viously been given. 
EFFECT ON THE HANGING RESPONSE. 
Where carbon dioxide was given to monkeys 
already injected with bulbocapnine it was gener- 
ally administered about 40 - 60 minutes after the 
injection of bulbocapnine, when the effect of the 
bulbocapnine was no longer maximal. 
The carbon dioxide was given in varying 
doses. These will be classed as follows : - 
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\i/ CO Z 25- °A min . 







50 ra9 Time. i, 7ri i ti-U es . 
bolbo ca,p7117-te. 
I 





Chart 2. (Chart 3 m flreeecLirz J..pip) 
NI/ . -CO _/5% 
X 
l v 





See finge. /7, 
17. 
(1) 15 per cent. 
(2) 25 per cent. 
(3) 35 per cent and over. (See Table I.) 
In two records taken with 15 per cent car- 
bon dioxide no effect was produced on the bulbo- 
capnine curve. Chart 2 shows a curve obtained 
from a monkey injected with bulbocapnine. Fif- 
teen per cent carbon dioxide was administered, 
as shown, but no marked effect was produced on 
the curve. Twenty five per cent carbon dioxide 
was also administered on seven occasions to 
monkeys for l to 3 minutes. In every one of 
these cases, there was an immediate increase in 
the catalepsy as measured by the hanging response. 
(Table I.) Chart 3 shows one of these. The 
hanging response had appeared after an injection 
of 50 mg. of bulbocapnine, had reached a peak and 
begun a gradual decline. The carbon dioxide 
given 44 minutes after this dose of bulbocapnine, 
caused a temporary increase in the hanging time, 
from eleven to seventeen seconds. The curve then 
resumed its original course and the response dis- 
appeared completely 64 minutes after the initial 
injection of bulbocapnine. 
* Inserted at end of book. 
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The animal whose curve is shown in Chart 4 
received a higher concentration of carbon dioxide, 
35 per cent for 4 minutes, 26 minutes after the 
initial injection of bulbocapnine. It will be 
noted that this caused an instantaneous disappear- 
ance of the hanging response. It returned within 
a minute however, reached a level almost as high 
as before, and persisted for some time, so that 
the total duration of the effect of bulbocapnine 
was markedly prolonged beyond its average length 
(136 minutes as compared with 66 minutes which 
was the average for that monkey). 
Curves taken in the same way with doses of 
40 and 50 per cent of carbon dioxide, showed, with 
60 - 50 per cent oxygen, the same effect, if ad- 
ministered some time after the bulbocapnine. There 
was abolition of the response followed by augmen- 
tation. 
EFFECT ON GEPTERAL BEHAVIOUR. 
Administration of carbon dioxide caused a 
profound change in the behaviour of the animals. 
Even before the mask was removed, they began to 
struggle and screech. For a few seconds 
19. 
afterwards, they sat still and looked as though 
dazed. Then quite suddenly they would come into 
full contact with their surroundings, leap from 
the table and attempt to escape. Within a few 
minutes as a rule they began to slow down, became 
less responsive and finally sank back into the 
original stuporous state. Kaufmann and Spiegel 
(16) have made similar observations on the effect 
of carbon dioxide on cats under the influence of 
bulbocapnine. The effect produced on cats, how- 
ever, is less striking and less constant. This 
must be due in part at least to the lack of overt 
behaviour in the cat as compared to the monkey. 
2. The Effect of Carbon Dioxide on Normal 
Konkeys not made cataleptic by 
Bulbocapnine. 
It has been shown then that the effect of 
bulbocapnine, as measured by the hanging response, 
can be intensified by moderate doses of carbon 
dioxide. This paradoxical result suggested that 
carbon dioxide by itself might produce the hanging 
response. In order to test this the gas was ad- 
ministered to 5 monkeys in concentrations of 15 
























































































Table II.) The time during which the gas wap 
administered varied from 1* - 6 minutes. In two 
monkeys out of the five the hanging response 
appeared when 15 per cent was given for 1* minutes. 
The reflex was only just present and for a few 
seconds. In the third monkey it appeared when 15 
per cent was given for 6 minutes, in the fourth 
when 25 per cent was given for 1 minutes, while 
the fifth required the same percentage for 21 
minutes to bring out the response. 
In all five monkeys the response was strongly 
present immediately after administration of 25 
per cent, and might last for several minutes. The 
height of the curve was about the same as with 
bulbocapnine, but the length was much shorter. 
With administration of 40 per cent carbon 
dioxide, however, there was a different effect of 
the gas on all five monkeys. In each case the 
monkey refused to hang for the space of half to one 
minute immediately after administration of the gas. 
Thereafter, however, the response was present, 
sometimes for as long as 20 - 40 minutes. A 
record of different doses given to the same monkey 
is shown in Chart 5. 
+ Inserted at end of book. 
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EFFECT OF CARBON DIOXIDE ON BEHAVIOUR. 
The animals seemed to be dazed while hanging 
under the influence of carbon dioxide, but their 
behaviour was different from that produced by 
bulbocapnine. They were more active, looked 
about blankly and bit the bandages securing their 
feet. There was a considerable amount of screech- 
ing and grinding of the teeth. 
COMPARISON OF THE ACTION OF CARBON DIOXIDE 
ON MUSCLE TONE WITH THAT OF BULBOCAPNINE. 
The action of bulbocapnine in producing 
cataleptic phenomena is only obtained by employing 
an intermediate dose of the drug. Larger doses 
produce hyperkinetic phenomena while smaller doses 
produce a state of somnolence. C.P. Richter and 
the present writer (29 summed up the matter as 
follows: - 
"Doses of 7 to 8 mg. per kilogram body 
weight do not elicit the hanging response. 
The response appears with doses of 9 mg. or 
more. With larger doses up to 17 mg., the 
maximum strength of the hanging response 
and its total duration show a proportionate 
22. 
increase. With doses above 17 mg. the total 
duration of the effect continues to increase, 
but the maximum hanging time remains the same. 
In other words, the maximum hanging time is 
attained with doses of 17 mgm. and an increase 
in the dose will not make the animal hang 
longer in any one test. In adult monkeys 
this maximum hanging time is 30 - 60 seconds. 
Doses of 40 mg. per Kg. B.W. and above, 
produce hyperkinetic phenomena lasting as 
long as 40 minutes after the injection, dur- 
ing which time the animal refuses to hang. 
Afterwards the response appears and persists 
usually for several hours." 
If we consider solely the subject of muscle 
tone, we will see that carbon dioxide resembles 
bulbocapnine in that moderate doses, i.e. about 
25 per cent, increase the tone, while larger doses 
(35 - 50 per cent) at first decrease tone so that 
the hanging reflex cannot be elicited, but later 
increase it. 
The action of carbon dioxide therefore on 
the muscle tone of monkeys poisoned by bulbocap- 
nine will vary according to the amount of bulbo- 
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capnine already injected as well as the amount of 
carbon dioxide administered. If the monkey is 
already exhibiting the maximum hanging response 
through bulbocapnine, then comparatively little 
carbon dioxide will have the effect of at once 
abolishing or almost abolishing the catalepsy, 
just as if more bulbocapnine had been administered. 
This explains Chart 6, where 15 per cent for 12 
minutes almost abolished the reflex, the response 
being already maximal with bulbocapnine. On the 
other hand in the same monkey (Chart 7) 15 per 
cent for 6 minutes brought back the reflex strongly 
just as it was disappearing after bulbocapnine. 
Nevertheless where the hanging time is no 
longer maximal, that is, about three quarters of 
an hour after the administration of 17 mg. per Kg. 
of bulbocapnine, the effects of carbon dioxide 
are consistent. A dose of twenty five per cent 
causes an immediate increase of the catalepsy as 
measured by the hanging response, while larger 
doses first abolish it and later augment it. 
24. 
TABLE III. 
(See "Discussion" infra) . 
Showing the cerebral symptoms accompanying the phases preced- 
ing, during, and after the cataleptic state, with increas- 




























convulsive move - 
ments, with high 
concentrations 
for many minutes. 
.Amytal Active Active but 
slightly dazed. 
Asleep. 
Note re Table. 
The monkey which has been made cataleptic by 
a moderate dose of bulbocapnine resembles a human 
catatonic. When such a monkey is given carbon 
dioxide or amytal in large doses, it passes into 
the ultra -cataleptic state, just as if it had been 
given a higher dose of bulbocapnine. The mental 
condition however is no longer the same as if 
bulbocapnine alone had been given, but results from 
the combined effects of the two drugs. 
25. 
DISCUSSION. 
It may be remarked at this point that cata- 
lepsy is a condition which occurs as a reaction 
of the nervous system more commonly than is 
generally supposed. This fact has recently 
been emphasised by de Jong (14). Like the epi- 
leptic convulsion, it can occur as the result of 
disease or of intoxication by certain drugs. 
When it is caused by a drug, the amount of the 
dose must be, as we have seen, between certain 
limits. In the case of bulbocapnine for in- 
stance, this was between 10 and 30 mg. per Kg. 
Body Weight. smaller dose merely causes drowsi- 
ness, while a larger doge causes a state of over - 
activity. 
It is important when observing the effect 
of a drug on muscle tone to pay attention to the 
subject's behaviour and the degree of cerebral 
excitement. Table III. shows the degree of 
apathy or excitement which accompanies the pre - 
cataleptic, the cataleptic and the ultra- 
26. 
cataleptic states of three different drugs, when 
given in increasing doses. In the case of bulbo- 
capnine, the pre- cataleptic state of the animal 
is one of drowsiness, the cataleptic is one of 
stupor, while the ultra- cataleptic state is 
characterised by over- activity, with sudden im- 
pulsive and violent movements, or occasionally by 
convulsions. 
Reference has already been made to the 
similarity of the cataleptic state caused by 
moderate doses of bulbocapnine to that found in 
human catatonia. The state of muscle, the 
stupor, and the autonomic nervous symptoms are 
very similar. The action of carbon dioxide on 
the human catatonic, as described by Loevenhart 
Lorenz and Waters, is almost identical to that 
observed on bulbocapnine monkeys. The limbs 
become flaccid, and the skin becomes moist. 
The staring eyes begin to move in a purposeful 
manner. The"expiratory phonation" is represent- 
ed in the monkey by chattering and squeaks. The 
description of the return to the cataleptic state 
applies also to the monkey. The patient no 
longer responds to his environment, the eye 
27. 
movements cease, and "it is especially striking 
to note how completely the former muscular state 
is resumed." 
When we come to analyse the effect of carbon 
dioxide on bulbocapnine catalepsy, we find para- 
doxically that the action on muscle tone is not 
antagonistic, but synergic with that of bulbocap- 
nine. Carbon dioxide, like bulbocapnine, is one 
of those drugs which produce cataleptic phenomena 
in moderate doses, while failing to produce them 
in small or large doses. 
Now, we have seen that if a monkey which has 
been made cataleptic by a moderate dose of bulbo- 
capnine is given more bulbocapnine, it will come 
out of the catalepsy into the ultra -cataleptic and 
hyperkinetic state. In the same way if a monkey 
already showing the maximal cataleptic response is 
given a little carbon dioxide, it will pass 
temporarily into the ultra- cataleptic state, (Chart 
6), just as if more bulbocapnine had been adminis- 
tered. Further, just as an additional dose of 
bulbocapnine to a cataleptic monkey is followed in 
succession by an ultra -cataleptic phase and then a 
phase of prolonged catalepsy, so the addition of 
carbon dioxide is followed not only by a non - 
cataleptic phase but also by a period of prolong- 
ed and usually intensified catalepsy. 
Although in the matter of muscle tone the 
action of carbon dioxide is similar to that of 
bulbocapnine, in that it produces catalepsyx in 
moderate doses, yet the action on the cerebral 
centres and on behaviour is not the same. Re- 
ference to Table III. brings out this fact. 
Although catalepsy is accompanied by stupor 
both in bulbocapnine monkeys and in human cata- 
tonia, this is not necessarily so in animals 
rendered cataleptic by other means. With 
carbon dioxide the cataleptic state is accompan- 
ied by a considerable degree of cerebral activity, 
while the ultra- cataleptic state is one of drowsi- 
ness. Similarly withamytal, to which reference 
will be made later, the cataleptic state is 
accompanied by some degree of cerebral activity 
while the ultra- cataleptic state is characterised 
by sleep. 
If an animal is in a state of catalepsy, it 
x 
"Catalepsy" is used here in the sense of increased 
muscle tone, so that the hanging response is 
present. De Jong has described "experimental 
catatonia" produced by carbon dioxide. Ztschr. 
f.d. ges. Neur. u. Psychiat. 1932 CXXIX. 25 ff. 
De Jong however did not give oxygen with CO2 and 
therefore his results as far as they go might be 
due to aria-. ci n a x x 8 'm c cc, 
28. 
29. 
may be brought out of it either by withdrawing 
the poison so as to put it into the pre -cataleptic 
state, or by increasing the dose until the animal 
is in the ultra -cataleptic state. 
It will be noticed from Table III. that the 
ultra -cataleptic state in bulbocapnine poisoning 
resembles catatonic excitement, with its sudden 
uncontrolled movements. The resemblance was 
emphasised by de Jong and Baruk.X With carbon 
dioxide on the other hand, the cataleptic state 
is accompanied by behaviour suggesting active 
thought, while the ultra -cataleptic state is one 
of drowsiness. When the bulbocapnine catalepsy 
is interrupted by carbon dioxide, the usual 
effect is as follows. The catalepsy first 
becomes maximal, and then the animal passes into 
the ultra- cataleptic phase, not the more normal 
or pre -cataleptic phase, as might have been sup- 
posed if the drug had been antagonistic in its 
x 
Op cit page 89. "Ces hyperkinésies, nous l'avons 
vue, sont provoqués en général par des doses de 
bulbocapnine plus élevées que celles qui réalisent 
la catalepsie et la négativisme .... Ces faits 
rappellent exactement les impulsions si speciales 
et si fréquentes des catatoniques qui présentent 
le même caractère de brusquerie, de brièveté, et 
de début inattendue." 
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action to bulbocapnine. An illusion of normal- 
ity is given because the excitement of the ultra- 
cataleptic state of bulbocapnine poisoning is 
counteracted by the depressant effect of large 
doses of carbon dioxide. Before the animal can 
become normal, it has to pass a second time 
through the cataleptic state. This is shown on 
the hanging charts by the maintenance or increase 
of the catalepsy following its abolition. 
That bulbocapnine catalepsy closely resembles 
that found in human catatonia is given support by 
recent work of Giacomo. Human catatonics when 
given bulbocapnine behaved in a manner very 
similar to animals already made mildly cataleptic 
by bulbocapnine. Giacomo injected 200 mg. intra- 
venously into a number of psychotic subjects. 
(The dose injected was a relatively small one com- 
pared to that injected into monkeys. Nevertheless 
Giacomo claims that the intravenous route is more 
effective than the subcutaneous.) Twenty four 
experiments were carried out on 16 subjects (eight 
schizophrenics and eight epileptics or feeble- 
minded). There was an undoubted increase of 
catalepsy in two schizophrenics, and a doubtful 
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increase in three other schizophrenics. There 
was observed an intense catalepsy in two feeble- 
minded and a slight catalepsy in two others. In 
two subjects, however, bulbocapnine produced a 
short confusional crisis with intense psychomotor 
excitement. 
If we suppose that the state of catatonic 
excitement in man corresponds to the ultra -cata- 
leptic state produced by large doses of bulbocap- 
nine, as stated by de Jong and Baruk, then the 
results obtained by Giacomo are readily explained. 
The administration of bulbocapnine caused in some 
individuals an increase in the cataleptic state, 
but in others, where the degree of catalepsy was 
already maximal, the hyperkinetic symptoms of the 
ultra -cataleptic state were produced. 
This conception of human catalepsy would also 
explain the action on it of the drug known as amy- 
tal. Its effect on muscle tone is similar to that 
of carbon dioxide. It has also been used to 
interrupt catatonic stupor in man. 
This has been described by Bleckwenn (3) as 
follows: - 
"Catatonic patients can be aroused from their 
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stuporous states for intervals of from two to 
fourteen hours, during which, if previously 
tube -fed, they eat ravenously, show spontane- 
ity, ask and answer questions with consistent 
emotional reactions." 
The writer working with C.P. Richter (30) 
showed that this drug produces catalepsy in moder- 
ate doses. (Chart 8). It will be seen from the 
chart and also from Table III. that in the ultra - 
cataleptic state, the animal passes into a condi- 
tion of sleep from which it becomes cataleptic a 
second time before ultimately becoming normal 
again. When amytal causes a catatonic patient 
to emerge from his catalepsy, the action is most 
easily explained by supposing that the patient 
passed into an ultra -cataleptic state where the 
tendency to catatonic excitement is counteracted 
by the soporific qualities of the drug, and that 
when these near off, he then passes into a state 
of reneued catalepsy. 
To come to the more practical application 
of our experiments, their object has been to dis- 
cover why carbon dioxide appeared to abolish 
catalepsy both in human catatonics and in 
30 
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bulbocapnine monkeys. The state of muscle tone 
produced by carbon dioxide in these circumstances, 
so far from being more normal, was so far removed 
from the normal that the monkeys had again to 
become cataleptic before they could become normal. 
Seeing that our next object is to apply a 
drug which will give the bulbocapnine monkey longer 
and longer respite from the catalepsy in the hope 
that the same drug will be effective in human cata- 
tonia, it would seem reasonable to give a drug which 
is not in itself capable of producing catalepsy; 
in other words a drug which is antagonistic to bulbo- 
capnine not synergic with it, not only in regard to 
behaviour but to muscle tone as well. We should 
look for a drug which would change the catalepsy to 
the pre -cataleptic state, and not to the ultra - 
cataleptic state, as is the case with carbon dioxide. 
A very significant fact, however, in connection 
with these experiments is that carbon dioxide, which 
is capable of causing and modifying the cataleptic 
state, is found naturally in the body. This fact 
has been emphasised by de Jong. (14). It points the 
way to a further investigation of the respiratory 
system in psychotics to see whether their type of re- 
spiration particularly in regard to carbon dioxide is 
in any way different from that of normals. 
SECTION II. 
TP DEPTH AND RATE OF RESPIRATION IN NORMAL 
AND PSYCHOTIC SUBJECTS. 
34. 
SLCTIOTJ II. 
The depth and rate of respiration in normal and 
psychotic subjects. 
It has frequently been remarked clinically 
that schizophrenic patients appear to breathe more 
shallowly than normal subjects. Very little, how- 
ever, that is clear and indisputable has been writ- 
ten on this subject up to the present. 
Two French writers, Mignot and Le Grand (23) 
gave a report in 1926. They do not state the num- 
bers examined. Actually they give an account of 
the respiratory records taken by a pneumograph of 
9 schizophrenic females. They state that the 
average frequency of respiration among normal women 
is 18 per minute. They say, however, that in 
almost all cases of dementia praecox that had dis- 
orders of phonation, the number of respirations was 
diminished to 8, 12, 15 per minute. This slowing 
was caused, most often, by an expiratory pause 
lasting 3, 5 or 7 seconds. 
An Italian worker, S. Gullotta (1931) (10) 
again working with a pneumograph, in this case 
applied to the abdomen, stated that the frequency 
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varied within the limits of the normal. It was 
less frequent in the records of catatonics, but 
more frequent in other cases of dementia praecox. 
With regard to the depth, it was clearly inferior 
to normal in all the cases examined. The exact 
recording of the depth, however, and also of the 
rhythm, has been attended by difficulties. Most 
observations described in the literature have been 
made by means of a stethograph; that is to say, a 
rubber tube of some kind fixed round the thorax or 
abdomen. As such an apparatus may direct the sub- 
ject's attention to his breathing, the value of the 
results obtained may be vitiated. Moreover, such 
a method cannot record accurately the magnitude of 
each respiration. Another objection is that the 
stethograph is measuring only one part of the res- 
piratory mechanism, and at any moment the respira- 
tion may change from thoracic to abdominal or vice 
versa. In the course of one of my experiments in 
which records of the thorax and abdomen were being 
made simultaneously, the movements of the abdomen 
became smaller and those of the thorax greater with - 
out altering the amount of air respired, as measured 
simultaneously by the plethysmograph. The excur- 
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sion recorded therefore in one case by this method 
cannot be compared quantitatively with that record- 
ed in another, nor even with the excursion in the 
sane individual at a different time. 
TECHNIQUE. 
The apparatus described by Golla and Antono- 
vitch (7) disposes of these aifficulties. It is 
shown in the accompanying diagram. (Fig. 2). It 
consists essentially of a wooden box with a remov- 
able lid and front piece, both of which can be 
clamped firmly into position by means of a hand - 
screw. The subject for experiment sits in the 
box and only his head projects through a hole in 
the roof. The box is air -tight and the opening 
for the neck is occluded through the subject 
wearing an inflatable rubber collar, to which an 
"apron" is attached all round. The latter is 
clamped between two boards in the roof of the box. 
These collars are made of varying sizes. The air 
space in the box communicates with the recording 
plethysmograph by a wide tube. 
The recorder itself is of the simple float 
pattern, rectangular, and having a capacity of 
1`9 4 , 
FIG. 1.- Sketch of apparatus. 
see. / ay e 2 6 . 
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about 4 litres. The float is balanced on knife 
edges at its posterior end, the edges resting in 
corresponding notches on the wall of the water 
bath. 
Several precautions were taken to keep the 
conditions uniform throughout the experiments. 
No external stimuli were allowed to disturb the 
patient. He merely sat quietly in the box, and 
was unable to see any of the recording apparatus. 
He was unaware that his respiration was being ex- 
amined. His attention was therefore not directed 
towards his respiratory movements, a circumstance 
which would ipso facto have rendered the results 
less valuable. Factors which might interfere 
with the processes of metabolism were kept uniform. 
The subject sat still until he had become accustom- 
ed to his environment. If he was obviously alarmed, 
which in fact seldom occurred, the experiment was 
abandoned. 'No record was taken after the subject 
had been active physically, or soon after a meal. 
A minimum of clothing was employed in order to pre- 
vent undue warmth inside the box. 
RESULTS. 
The accompanying table shows the results of 
38. 
these investigations. In this series 217 subjects 
were examined, including 44 normal men and 18 nor- 
mal women. The normal subjects were members of the 
staffs of the Laudsley and Colney Hatch Hospitals. 
85 schizophrenic males and 36 schizophrenic females 
were examined. I.:ost of these were suffering from 
a considerable degree of dementia. By way of com- 
parison, 6 males and 19 females who were melancholic 






















44. Normals 1.815 ± .012 572 16.77 it .329 9.59 
85 Schizophren- 
ics 1.592 t .008 442 19.61 ± .293 8.67 
6 Melancholics 1.630 623 18.67 11.65 
F ,¡ILLì S. 
18 lormals 1.578 ± .016 429 18.61 t .4,4 7.98 
36 Schizophren- 
ics 1.509 It .020 339 22.67 It .363 7.68 
19 hielancholics 1.517 t .020 402 19.55 ± .685 7.86 
8 11ormal s (doz- 
ing state 1.578 491 13.50 6.62 
8 Normals 
(sleeping 
state) 1.570 317 15.00 4.76 
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dhen one compares the amount of air respired 
as between two groups, the size of the subjects 
must be taken into consideration. One would expect 
a large individual to breathe more deeply than a 
small one. The factor used by physiologists to 
make possible a comparison of the oxygen consump- 
tion of two individuals of different size is the 
area of body surface, and this has been used in the 
present study. It was calculated from the height 
and weight of each patient by means of Boothby and 
Sandiford's nomograph. (29) The mean size of 
each group is shown in the first column in square 
metres of area of body surface. The second column 
shows the mean volume of the tidal air of each 
group measured in cubic centimetres. The third 
column shows the mean number of respirations per 
minute for each group. When this is multiplied 
by the figure giving the tidal air we obtain the 
volume of air breathed per minute, here given in 
litres in the fourth column. 
Looking at the volume of air respired (tidal 
air) as recorded in the second column, one finds 
that the figure for normal males is a little higher 
than that usually given in text -books for subjects 
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at rest. The usual figure is 500, but the present 
figure is 572. The reason for this is that the 
subject was sitting, not lying, and that the tem- 
perature inside the box was rather higher than nor- 
mal. 
In order to allow for the fact of difference 
in size, the mean size of each group, (normals, 
schizophrenics, and female melancholics) was cal- 
culated. The probable error and standard devia- 
tion were worked out together with the correlation 
coefficient of volume of respiration with area of 
body surface. 
TABLE V. 
Area of Body Surface in Square Metres. 
Mean Standard deviation 
MALES 
Normals 1.815 t 0.012 0.1138 
Schizophrenics 1.592 ± 0.008 0.1153 
FEMALES 
Normals 1.578 It 0.016 0.1021 
Schizophrenics 1.509 t 0.015 0.1372 
Ilelancholics 1.517 ± 0.020 0.1315 
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COMPARISON OF SIZE OF NOR': ALS AND SCHIZOPHREN- 
ICS - It will be noticed in Table V. that the mean 
area of body surface of male schizophrenics (1.592) 
is very much smaller than that of normals (1.815), 
the difference being significant. For females the 
schizophrenics have a mean area which is smaller 
than for normals to an extent which is just signi- 
ficant, the difference being three times the pro- 
bable error (0.069 0.02). 
TABLE VI. 








with area of 
body surface. 
MALES. 
Normals 572 143 r = + 0.2216 
Schizophrenics 442 79 r = + 0.1096 
FEMALES.  .
Normals 429 74 (Too few cases) 
Schizophrenics 339 52 r = -0.0419 
Melancholics 402 57 (Too few cases) 
For males, the schizophrenics have a much 
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smaller mean volume of tidal air and also a varia- 
bility which is much less than for normals. Part 
of the difference in the means results from their 
smaller size, but this can be taken into account 
since the correlation of volume of tidal air with 
area of body surface is known. The volume of tidal 
air which normal subjects with an area of body sur- 
face of 1.592 square metres would be expected to 
have is 510 c.c. Actually, the.male schizophren- 
ics had a mean volume of 442 c.c. Hence the dif- 
ference between the actual and expected is 68 c.c. 
As its probable error is ± 15.6 c.c., the differ- 
ence is more than four times its probable error 
after correction for difference in size, and is 
therefore significant. 
For females there is no sensible correlation 
between volume of tidal air and area of body sur- 
face, and therefore there is no need to correct for 
the slight difference in mean area of body surface. 
The mean volumes may therefore be compared as they 
stand. For female schizophrenics the difference 
from normals is 90 I 13.0 c.c. Since the differ- 
ence is about seven times its probable error, it is 
certainly significant. 
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RATE OF RESPIRATION. Since there is no corre- 
lation between rate of respiration and area of body 
surface, there is no need to correct for difference 
in area of body surface. For males the rate for 
normals (see Table IV.) was 16.77 t 0.329, and for 
schizophrenics 19.61 ± 0.293. The difference is 
2.83 t 0.441, which is six times its probable error, 
and is therefore certainly significant. 
For females, the normals show a rate of 18.61 
t 0.494, while that of schizophrenics is 22.67 t 
0.363, a difference of 4.06 ± 0.613. Since the 
difference is over six times the probable error, it 
is again certainly significant. 
From these results, then, it appears that 
schizophrenics on the average breathe more shallow- 
ly and more rapidly than normals. 
L LANCHOLICS. Nineteen female melancholics 
were found to have an area of body surface which was 
smaller than that of normal females (Table IV.) The 
smaller size, however, was barely significant. The 
volume of tidal air was smaller than that of normal 
females, but the difference (27 ± 14.70 c.c.) was 
also not significant. 
Regarding their rate of respiration, for 19 
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female melancholics this was 19.55 0.685 as 
against 18.61 r 0.494 for normal females. This 
difference was not significant. 
It would appear, therefore, that the differ- 
ence in volume and rate of respiration in schizo- 
phrenics does not apply to melancholics. The 
number of male melancholics (6) was too small to 
give significant results. These on the average 
breathed more deeply and rapidly than normals 
(Table IV.) 
COMPARISON OF SCHIZOPHRENICS WITH NORMAL 
SUBJECTS IN A DOZING AND SLEEPING STATE. In 
the last two lines of Table IV. figures are given 
showing the respiratory depth and rate of normal 
women first in a dozing and secondly in a sleeping 
state, in order to show the difference from 
schizophrenics. In these experiments the subject 
was lying in a chest made on the same principle as 
the box described above. I am indebted to Dr. 
Antonovitch for these records. It will be seen 
that in the dozing state the breathing is slow and 
deep. The total ventilation per minute is less 
than for normal females, 6.62 litres per minute as 
against 7.98. In sleep the depth is greatly diminished 
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being rather smaller than that of schizophrenics 
(317 as against 339 c . c.) ; the rate becomes 
slightly faster than in the dozing state, and the 
total effective ventilation is about half of that 
of normal subjects. 
DISCUSSION. 
THE SIGNIFICANCE OF THE RAIID SHciLL0;4 TYPE OF 
RESPIRATION. 
The question arises whether rapid shallow 
breathing is as effectual a method of ventilating 
the lungs as deep slow breathing. At first sight 
the fact that the total volume breathed per minute 
in each case is about the same, might seem to show 
that each is equally effective, but certain con- 
siderations are against this view. 
In considering this matter, account must be 
taken of the so- called dead space, or space within 
the respiratory passages which prevents a certain 
proportion of tidal air from reaching the alveoli. 
It is still a matter for controversy among phys- 
iologists as to how much the dead space varies in 
size under different conditions of breathing. It 
is probable that it varies little, and if this is 
so, then increase or decrease of the depth of 
respiration is much more important than increase 
or decrease of rate, in altering the effective 
ventilation of the lungs. 
The following figures from Roaf's "Physiology"x 






(obtained by subtracting 
the second from the 
first) 
300 c.c. 172 c.c. 128 c.c. 
400 c.c. 172 c.c. 228 c.c. 
500 c.c. 172 c.c. 328 c.c. 
700 c.c. 172 c.c. 528 c.c. 
900 c.c. 172 c.c. 728 c.c. 
1,200 c.c. 172 c.c. 1,028 c.c. 
4 times 8 times. 
is four times that of another, the effective venti- 
lation of the former is eight times, not only four 
times, that of the latter, given that the dead 
space and rate of respiration are the same in both 
cases. 
x 
À.E. Roaf. Textbook of Physiology 1924 p. 237. 
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If, however, the rate of respiration is four 
times as fast in one subject as in another, where 
the depth is the sane, then the effective ventila- 
tion is only four times as great. 
Supposing, therefore, as is not unlikely, that 
the dead -space of the schizophrenic patients is of 
the sane magnitude as that of normals, then the 
fact that they breathe more shallowly will not be 
compensated for by the greater rate of respiration. 
The work of Haldane, Leakins & Friestley, 1919 
(11), indicated for the first time how dangerous 
this type of respiration might be. They showed 
that in the absence of opposing factors it might 
be productive of definite signs of oxygen want. 
That this want may be demonstrated in terms of 
arterial desaturation, was shown by Meakins & Davies 
1920. (20). 
TABLE VIII. 















































The manner in which this type of respiration 
could produce oxygen want has been studied by Hal- 
dane and his co- workers. Keith (17) has shown 
that the manner in which the lungs expand (that is, 
like a Japanese fan) makes it necessary for effi- 
cient breathing to be deep rather than rapid. 
He has also pointed out that expansion of the 
lungs does not take place constantly and uniformly 
throughout, and that the rapid shallow type of 
breathing would of necessity exaggerate the uneven 
distribution of air. 
It may be remarked that the percentage of the 
oxygen in the alveolar air provides no indication 
of the degree of oxygen saturation in the arterial 
blood. Meakins & Davies (20) discussing the 
rapid shallow type of breathing reach the following 
conclusion: "Thus the average composition of the 
alveolar air may remain constant as regards 
percentage of oxygen, as is usually the case; 
or when the breathing is abnormally shallow, 
the oxygen content of the average alveolar air 
may rise above the normal level even though 
at the same time the arterial blood is inade- 
quately supplied with oxygen." 
4 
Shallow rapid breathing, however, is not neces- 
sarily accompanied by low oxygen saturatión of the 
blood. Binger, Brow and Branch, (2), found shallow 
rapid breathing could be produced in animals by in- 
jections of starch into the femoral vein. Yet as 
a rule there was no anoxaemia, although the latter, 
when present, did increase the rate still further. 
Whether the.arterial blood in schizophrenia 
is saturated with oxygen to an abnormally'low degree 
could only be ascertained by direct experiment. 
A report on this subject has been made by L. 
Segal and L.L. Hinsie, on the basis of an exami- 
nation of 14 cases of cyanosed schizophrenics. 
They found that there was an abnormal degree of 
oxygen desaturation in 9 out of 14 cases. Where- 
as the normal low limits of percentage desaturation 
are between 100 and 94.4 per cent, 12 out of the 
14 showed arterial blood which was less than 95 per 
cent. saturated with oxygen, and 6 were below 90 
per cent. In the same series the oxygen content 
of venous blood was also found to be low. The 
oxygen consumption was high. The carbon dioxide 
content of arterial blood and the carbon dioxide 
content of the venous blood agreed with the normal 
X 
Amer. Jour. Ne d . S c i . CLXXI. 1926, 5, 72% 
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findins. The authors concluded that the cyanosis 
in these cases resulted from incomplete oxidation 
of the blood in the lungs and secondly increased 
reduction of oxy haemoglobin to reduced haemoglobin 
in the peripheral capillaries. 
To sum up our findings so far, the present in- 
vestigation has elicited the important fact that 
schizophrenics breathe in a way described by Haldane 
as inefficient and even dangerous. This type of 
breathing may in the ways described above lead to 
oxygen desaturation of the arterial blood. 4hether 
this is actually so or not remains to be studied 
further. One report cited above concludes that 
such is in fact the case. 
With regard to patients in a more severe cata- 
tonic state, Gullotta has remarked that catatonics 
breathe more slowly than other schizophrenics. 
Ìiignot and Le Grand (op. cit.) stated that 18 cata- 
tonics examined by them breathed more slowly than 
normal subjects. De Jong and Baruk describing 
catatonia, talk of a "respiration trés faible, 
presque suspendue en apparence". In the present 
investigation at Colney Hatch, it was very diffi- 
cult to find any patient in a really severe cata- 
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tonic state. The modern system of occupational 
therapy has made the "stuporous catatonic" a rare 
sight for the visitor. The most stuporous cata- 
tonic in my series had a tidal air of 491 c.c. and 
a rate of 13 per minute. This gave the total 
respiration per minute as 6.38 litres. (cf.. Table 
IV. where the figure for the average male normal is 
9.59 litres and for the average male schizophrenic 
8.67 litres). Observations in the present series 
supported Gullotta's conclusion that in severe 
catatonia the breathing is slower than in other 
schizophrenics. It may be, therefore, that the 
shallow breathing of schizophrenics is to some 
extent compensated for by increased rate, but that 
when the rate falls during an increase in the cata- 
tonic state, then the oxygen desaturation of arter- 
ial blood proceeds further, this being represented 
clinically by cyanosed extremities and torpor of 
mind. Clinical experience at least goes to show 
that where respiration is improved by enforced 
exercise (G.F. Peters, (25)) or occupational ther- 
apy, as is the rule in most mental hospitals, the 
mental condition also improves. 






One rather paradoxical fact has emerged, namely, 
that the type of respiration in moderate degrees 
of catatonia is the exact opposite of that found 
in individuals who are in the drowsy state between 
sleeping and waking. k German writer, Grotjahn (9), 
has made a thorough study of the resemblance of this 
mental state to that found in schizophrenia. Yet 
the breathing in the drowsy state is deep and slow 
(Table IV.). It is when the drowsiness is re- 
placed by sleep that the respiration takes on the 
same shallow character as in schizophrenics. In 
sleep, however, it remains slower than any but the 
most severe cases of catatonia. 
Bearing of type of Respiration on Susceptibility 
of Tuberculosis. 
The type of respiration is of interest in another 
connection. As is well known, tuberculosis is par- 
ticularly common among these patients. Kahlbaum 
(15) in his great monograph on Catatonia wrote - 
"Bs darf angenommen werden dass die Katatonie 
und die durch diese Krankheitsform gesetzten 
Lebensverhältnisse eine gewisse Disposition 
zu dem Tuberkel -Processe mit sich bringen. 
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Von anderen somatischen Krankheitsformen ist 
eine besondere Beziehung zur Katatonie von mir 
nicht bemerkt worden." 
T.S. Clouston (1863) (4) wrote that "Tubercular 
deposition is about twice as frequent in the 
bodies of those dying insane as in the sane .. 
majority of the cases of general 
paralysis and mania die non- tubercular, a major- 
ity of the cases of melancholia, monomania and 
dementia exhibit proofs of tuberculosis after 
death." 
The greater liability to tuberculosis on the 
part of schizophrenics has often been attributed to 
their poor physique generally. The present study, 
however, suggests that the shallow character of 
their respiration might render the lungs more 
liable to the disease owing to their insufficient 
expansion. 
SECTION III. 




THE RESPIRATORY RiYTl ; IN NORMAL AND PSYCHOTIC 
SUBJECTS. 
In the previous section it was found that 
schizophrenic patients breathed on the average 
more shallowly and more rapidly than normal sub- 
jects. In the present section an attempt is made 
to examine the respiratory rhythm in normal sub- 
jects and then to compare it to that found in 
individuals suffering from schizophrenia, the 
manic depressive psychosis and epilepsy. 
The apparatus used to take the records of 
these patients was that described above. When 
this instrument is used, the subject need have 
nothing strapped round his chest or abdomen. He 
is unaware that his respiration is being examined, 
and therefore the possibility of conscious inter- 
ference with rhythm is eliminated. 
In this section a totally different type of 
investigation is proposed. The respiratory 
movements as well as being concerned with oxygen 
and carbon dioxide exchange have, in the phylogene- 
tic development of man, become closely associated 
55. 
with the higher centres of the brain, more especi- 
ally those connected with speech. 
It has long been known that changes in thought 
are accompanied by changes in respiration. 
This subject has been studied by various 
workers since the time of Mosso, and it is worth 
while recapitulating the conclusions arrived at by 
succeeding observers. 
SMEARY OF PREVIOUS LITERATURE ON THE 
RHYTHE OF RESPIRATION 
Towards the beginning of this century con- 
siderable interest was taken in the character of 
the respiratory curve. The chief object in view 
was to ascertain whether certain states of mind 
were accompanied by characteristic types of re- 
spiratory record. 
Several contributors to Wundt's "Philosophische 
Studien" and later "Psychologische Studien" dis- 
cussed this problem. 
An article by Rehwoldt (28) for instance 
illustrates the thoroughness of some of these in- 
vestigators. He applied six bands round the 


















































































































































































































































































































































































































































































































made to ascertain if there were characteristic 
curves in such conditions as hilariousness, 
aesthetic pleasure, bliss, or enthusiasm. Also 
in anger, depression, rage, pain and tension. 
The results of these investigations were for the 
most part negative. He concluded that affects 
could be divided into three classes 
(1) Restful affects. 
(2) Affects with excitement. 
(3) Tension. 
Diminution in the height of the curve occurred 
in (1) and (3), increase in (2). The rate of 
respiration was greater in (2) than in the other 
two conditions. 
Lehmann (18) was especially interested in the 
effect of pleasant and unpleasant impressions. He 
believed that the, former increased the depth of 
respiration, and that strong unpleasant impressions 
were accompanied by several deep respiratory move- 
ments. Mentz (21) concluded that pleasant feelings 
caused a slowing of respiration while unpleasant 
quickened it. 
Zoneff and Meumann (33) made a very exhaustive 
study in normal individuals employing various 
stimuli, optic, acoustic, gustatory, cutaneous and 
psychic (arithmetical problems and space conceptions) 
and studied at the same time the effects of volun- 
tary attention and pleasant and unpleasant impres- 
sions on the respiration. 
They found that there were great individual 
differences but that voluntary attention usually 
caused increase in rate but decrease in depth, some - 
times amounting to inhibition of respiration. They 
believed that pleasant sensations caused shallowing 
and acceleration, but unpleasant sensations deepen- 
ing and slowing. Reference to the accompanying 
table will show how conflicting the results arrived 
at by these investigators were. 
(1) 
In England, Angell a Thomson (1899) made a 
contribution to the subject. They refer to the 
work of the physiologist iJosso who had previously 
given much of his attention to this subject. He 
studied chiefly the effects of emotion and found 
that it was "impossible to make any satisfactory 
classification of breathing types as connected with 
mental activity or emotion. 
Angell c Thomson themselves came to very 
reasonable conclusions. They found that the 
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respiration tended to be regular where the organism 
was undisturbed by changes in the environment, that 
is, so long as the subject's equilibrium was main- 
tained. In voluntary attention the rhythm was 
generally regular. They mentioned incidentally 
that where there was a "tendency to pronounce words" 
as when the subject was asked to remember nonsense 
syllables, the breathing became irregular. 
An important contribution to the subject was 
made by F. Peterson and 0.. Jung (26) writing in 
"Brain" in 1908. They studied the pneumographic 
curve in conjunction with the so- called psycho - 
galvanometer. Among other things they studied the 
characteristics of the normal curve, and the effect 
on it of emotional stimuli and also of attention. 
They also studied the same phenomena in schizophrenics. 
Their material however was small compared with that 
studied in the present investigation. 
In this article they made some observations which 
are of interest in relation to the present investi- 
gation. 
"It is altogether probable that there are more 
inexplicable influences at work in relation to 
the pneumographic curve than we are at present 
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able to comprehend. There are many respir- 
atory fluctuations which have nothing to do 
with the emotions, but are the result of 
physical or intellectual processes, together 
with the enforced quiet of the body at rest, 
the test person, with the disposition to 
speak, etc." 
"Again, when the emotions are very 
labile, and show the most marked excursions 
in the galvanometer curve, the respiratory 
curve is often regular and even. On the 
other hand in instances both normal and 
pathological, where the galvanometer curve 
is marked by little fluctuation, or even by 
none, as in some cases of catatonia, there 
will often be most decided variations in the 
pneumographie curve. There does not seem 
to be the intimate and deep relationship 
between the respiratory function and uncon- 
scious emotions that exist between the sweat 
glandular system (which influences the psycho - 
galvanometer) and the emotions Respira- 
tion is an instrument of consciousness. You 
can control it voluntarily while you cannot 
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control the galvanometer curve. The respira- 
tory innervation is closely associated with 
speech innervation, anatomically and function- 
ally, and the physical connection in the brain 
is, perhaps, one of the closest and earliest." 
loc. cit. pp. 173 - 175. 
One of the most important advances in the 
above paper was the observation that there are irre- 
gularities in the respiratory curve which have not 
to do primarily with emotion. Also that there is 
a close connection between the intellectual faculty 
especially the faculty of speech and the respira- 
tory function. 
These facts were further elucidated by Golla 
and Antonovitch 1931, (7) also writing in "Brain ". 
These observers examined 67 normal subjects 
with reference to the regularity of respiratory 
rhythm. Neglecting the emotional factor, which 
they believed to be easily recognisable when it 
occurred, they directed their attention to a sub- 
jective examination of the mental content of these 
individuals. They were at once struck by a corre- 
lation between visual imagery and regular breathing 
on the one hand, and auditory imagery and irregular 
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breathing (with a tendency to vocalise) on the 
other. 
Of the 67, 34 were classed as regular 
breathers. All except one had considered them- 
selves to use predominantly visual imagery. The 
remaining one had said he used predominantly 
auditory imagery. Thirty -two subjects showed 
an irregular rhythm and of these 28 had been 
assessed by their answers as using predominantly 
auditory imagery, the remaining four being 
classed as visualists. One had been doubtful. 
In discussing the significance of the two 
types of respiratory rhythm, these writers point 
out that in their experiments irregular rhythm 
frequently became regular when a problem was set, 
the solution of which required purely visual 
imagery. They considered that irregular re- 
spiration was caused by the use of a kind of 
internal speech. They added, however, that it 
would be wrong to assume that such irregularity 
of rhythm is in any sense a point -to -point 
representation of the actual respiratory distur- 
bance that would take place if the auditory 
images were to be translated into spoken words. 
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If this were so, such images could only occur, as 
in speech, during the expiratory phase, whereas 
any one belonging to the auditory type is con- 
scious that the images arise uninterruptedly both 
during expiration and inspiration. The irregu- 
larity is of a less definite character, the dia- 
phragm and thoracic, as well as the laryngeal, 
muscles helping to cause it. 
SCOPE OF THE PRESENT ENQUIRY. 
The object of the present enquiry has been 
to find out with the improved apparatus if there 
was any particular mental process which in normal 
subjects gives rise to a special type of respira- 
tory tracing. The results of the investiga- 
tions just quoted for instance would seem to in- 
dicate that auditory imagery with a tendency to 
vocalisation gives rise to an irregular type 
of respiration. 
Secondly, was there any feature which was 
more frequently' found, or solely found, in the 
respiratory tracing of a psychotic as compared 
to a normal individual? 
Thirdly, were the respiratory reactions of 
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psychotic subjects to various stimuli different 
from those of normal subjects? In what follows 
an account is given of the results obtained, and 
also a discussion of how far the questions stated 
above are answered. 
Respiratory Rhythm in Normal Subjects. In 
the present series 65 normal subjects were tested. 
These were nearly all members of the staffs of 
the I t'audsley and Colney Hatch Mental Hospitals, 
who kindly consented to co- operate in this work. 
The first problem to be examined in each of these 
experiments was whether the individuals showed either 
predominantly regular or irregular rhythm (Figs. 
3 and 40) 
Of the 65 normal subjects, 45 males and 20 
females, 32 (22 men and 10 women) were regular 
breathers, while 33 (23 men and 10 women) were 
irregular. These figures corresponded roughly 
to the figures of Golla and Antonovitch quoted 
above, who found that of 67 normal cases, 54.5 
per cent. were regular and 45.5.. per cent. 
irregular. 
An attempt was made to eliminate from the 
outset any physical causes of irregularity. Any 
Example of Regular Breathing. Time signal 30 seconds. 
(In all these figures upstroke represents inspiration.) 
See f'a9e 
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tongue or lip movements in the nature of a tic 
caused irregularity. It was possible, however, 
for the observer to stand at the side of the sub- 
ject and watch for any movement of the lips or 
tongue. If any such were seen, the record was 
discarded. Another factor which influenced the 
rhythm was catarrh of the respiratory passages. 
All the subjects were free from this at the time 
of examination. Any marked restlessness on the 
part of the individual was apt to cause a charac- 
teristic kind of irregularity, although small 
movements failed to interfere with the predomi- 
nant rhythm. 
As might be expected, the respiratory curves 
were also affected by any emotion of even moderate 
degree. The whole subject of the effect of 
emotion on respiration is a wide one, as has been 
indicated, and it is not proposed to discuss it 
here. The nature of the change caused by emotion, 
whether to deeper or shallower breathing, depends 
on a variety of causes, which have been studied by 
the workers quoted above. In what follows, it is 
only pointed out that the irregularity caused by 
emotion is of a different type from that under 
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discussion. 
Where the respiration was influenced by 
emotion, it would suddenly change and then return 
to normal after a number of breaths. For a 
record where the phenomenon was frequent, the 
term "labile" seemed applicable. The true irre- 
gularity of rhythm which is the present subject 
for study is something different. The irregu- 
larity is rather from one respiration to the 
next, not from series to series. (Fig. 4). The 
change of respiration to deeper or shallower for 
a while following emotion might characterise 
either a regular or irregular record. 
It was impossible to tell beforehand which 
individual would be regular and which irregular, 
merely by noticing the degree of "nervousness ". 
Some cases of anxiety neurosis were very regular, 
and also not labile, while some apparently 
apathetic subjects were irregular. 
Neglecting therefore the question of emotion, 
the writer proceeded to test the degree of audi- 
tory imagery with its tendency to vocalise, in 
these subjects. He asked a number of individuals 
to think out a problem while sitting in the 
67. 
apparatus. They did not know during the test 
that their respiration was being tested. The 
inquisitive were merely told that the apparatus 
had in some way to do with metabolism. The 
first problem was of such a kind that the subject 
would most easily solve it by using not auditory, 
but visual imagery. He was asked first to look 
at a sheet of paper which showed each of the 
capital letters of the alphabet. He was then 
asked to picture each letter as he would see it 
in a mirror. He was told that at the end of the 
experiment he would be asked which of the letters 
looked the same in the mirror as when looked at 
direct. This ensured that the subject would con- 
centrate as thoroughly as possible. 
In fact, A H T M T U V W Y appear the same 
in a mirror as when looked at direct. If an indi- 
vidual for instance included N S and Z he was con- 
sidered to have a bad capacity for visual imagery. 
This was called the visual test. 
Secondly the subject was asked to perform a 
task for which most people would use auditory 
imagery. It had been found from previous ques- 
tions that most people used predominantly this type 
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of imagery in adding up a column of figures. 
This test was set, and may be referred to as "the 
auditory test". 
In all, 44 normal individuals were examined. 
Eighteen or 41.0 per cent. were regular in one 
test and irregular in the other. Of these 18 
all except one exhibited the regular rhythm in the 
test for which visual imagery was indicated, but 
irregular rhythm in the test for which auditory 
imagery was commonly used. One of these is shown 
in Fig. 5. In only one doubtful case was the 
rhythm regular in the adding test and irregular in 
the visual test. 
Of the 44, 13 or 29.5 per cent. were regular 
in bath tests and the same number were irregular 
in both tests. 
Subjective tests (which will be described 
later) indicated that 12 of those 13 regular 
breathers employed predominantly visual imagery, 
while 10 of those 13 irregular breathers had a 
preference for auditory imagery. 
From the fact, then, that 17 out of 18 indi- 
viduals showed regular rhythm during the test 
where visual imagery was indicated, but irregular 
FIG. S. 
This subject shows 
regular breathing during 
"visual test" (V 
1 
- V2 ) 
and irregular breathing 
during "auditory test". 
(A1 
-A2). 
Time signal 30 seconds. 
S'ee /tecy ,e 68. 
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rhythm where auditory. imagery was more suitable, 
it may be deduced that respiration tends to be- 
come regular where an individual is employing 
visual imagery, and irregular when using auditory 
imagery. 
The fact that 13 individuals breathed regu- 
larly both during a test for which visual imagery 
was indicated and also during a test where visual 
imagery might or might not be used, suggested that 
these individuals preferred to employ visual 
rather than auditory imagery wherever possible. 
The fact that 13 subjects used irregular rhythm 
throughout seemed to indicate that they were in- 
dividuals who had difficulty in using visual imagery 
exclusively at any one time, even where the problem 
seemed to require the visual type of thinking. 
As already stated it was confirmed by subjec- 
tive tests that 12 of the 13 subjects who breathed 
regularly throughout both tests employed predomi- 
nantly visual imagery, while 10 of the 13 whose 
rhythm was irregular throughout, used predominantly 
auditory imagery. 
It has already been stated that tests were 
carried out on these normals to find out which 
type of imagery they used. These tests were 
partly subjective and partly objective. 
The subject was first of all asked to think 
of a clock face with the hands pointing to twenty 
minutes past eleven. He was then asked to imagine 
that the big hand was the small hand, and the small 
hand the big hand, and further asked what the time 
would then be. The interval which elapsed between 
putting the question and receiving the answer was 
noted. The subject was then asked how he did the 
problem and how easily he could picture the clock 
face. 
He was then shown a sheet of cardboard with 
the capital letters of the alphabet clearly printed 
on it. He had to picture each of the letters as 
he would see it upside down, and told that he would 
be questioned at the end of the test as to which 
letters looked the same upside -down as the right 
way up. In fact, H I I' 0 S X and Z look the same 
upside down as the right way up. If an individual 
for instance included NS. and Z he was considered 
to have a good visual capacity. 





. and to write them down from 
70. 
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memory. The strongest visualists were those who 
wrote them straight down without saying the num- 
bers to themselves. The strong auditories were 
those who translated the patterns into the sounds 
of the numbers and then translated them back again. 
From these data it was recorded whether the 
subject used predominantly auditory or predomi- 
nantly visual imagery. After he had been classed 
as auditory or visual the respiratory record was 
taken and examined to see whether the respiration 
was regular or irregular in type. (Table IX). 
Of the 32 regular breathers, 24 or 75 per 
cent were visualists, while of the 33 irregular 
breathers 24 or 72.8 per cent were auditories. 
It would appear then from these figures that regu- 
lar and irregular breathing are accompanied in a 
significant number of cases by visual and auditory 
imagery respectively. 
Relation of Respiratory Rhythm to Visual 
and Auditory Imagery in the Hypnoidal State. 
Still further experiments were devised to find 
out more conclusively whether a particular indivi- 


































































































































































































































































































































































































in general. It was found that persons in a 
hypnoidal state have clearer mental images than 
in the waking state and further that they can 
generally remember them on waking up, if the 
hypnotic state has not been too deep. Accord- 
ingly seventeen individuals were successfully 
hypnotised while sitting in the apparatus.- When 
in the hypnotic state it was suggested that they 
were in a school room where they were to do 
multiplication tables. They had the choice of 
hearing boys recite them or else -seeing the 
multiplication tables on the wall. Of the seven- 
teen subjects who were able to be hypnotised, 
eight when questioned after waking up, stated 
that they had seen the multiplication tables in 
the dream, five said they had heard the boys 
recite them while four said they both saw and 
heard the tables. 
These same individuals while in the hypnotic 
state were also induced by means of suggestion to 
experience first visual and later auditory imagery. 
A silent country scene was suggested to them. 
Later it was suggested to them that they were 



































7 Reg. Reg. Reg. 
10 - Reg. Reg. Reg. 
12 Reg. Reg. Reg. 
4 Reg. Reg. Irreg. 


















6 Irreg. Reg. Irreg. 



















3 Reg. Reg. Reg. 
From the accompanying table it will be seen that 
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8 saw the multiplication tables (Class 1) 
5 heard a voice recite them (Class 2) 
4 saw and heard simultaneously (Class 3) 
The rhythm was examined of such subjects, 
(a) when awake, (b) when dreaming a visual dream, 
(c) when dreaming that they were listening to a 
tune. 
Class (1) were all regular during the visual 
dream, and also when awake. Three of these were 
irregular during an auditory dream. 
Class (2) were all irregular, during the 
auditory dream. Four out of the five were 
irregular when awake, and two were irregular 
during the visual dream. 
Class (3). Three of this class were 
irregular during the auditory dream, and three 
were regular during the visual dream. Three 
were regular when awake. 
None of those, who were regular throughout 
used auditory imagery from choice, and none of 
those who were irregular throughout used visual 
imagery from choice. 
By these results the former conclusions are 
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strengthened, namely that those who have a 
preference for visual imagery breathe regularly, 
while those with a preference for auditory imagery 
breathe irregularly. 
These results were taken as showing that 
individuals vary considerably in their tendency 
to vocalise when thinking. Where this is present, 
the subject finds himself employing sound images, 
and his breathing is irregular. Where there is 
no tendency to vocalise, the respiration remains 
regular and the imagery is visual. 
It may be mentioned that an attempt was made 
to discover which of the hypnotised subjects pos- 
sessed what might be called a strong kinaesthetic 
imagery. It is in virtue of this faculty, for 
instance, that one individual stated that when he 
thought of letters upside down, he did not picture 
them, so much as imagine himself turning them 
round. One individual stated that he never had 
visual imagery in dreams, yet he often dreamt he 
was playing hockey, having only the sensations of 
movement in the dream. Another said that he 
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dreamt he was driving.a car, having the sensations 
of turning the driving wheel, manipulating the 
brakes, etc., without seeming to see or hear any- 
thing. 
In the present investigation it was suggested 
to the subject for experiment while in the hyp- 
notic state that he was starting to run up a hill. 
During this dream his respiration was recorded. 
Later when he awoke he was questioned as to the 
vividness of the sensations of movement. 
No correlation was discovered, however, be- 
tween vividness of kinaesthetic imagery and regu- 















































12 Reg. Reg. Reg. 
8 Irreg. Irreg. Irreg. 
9 Reg. Reg. Irreg. 
5 Irreg. Irreg. Irreg. 
2 Reg. Reg. Reg. 
3 Reg. Reg. Reg. 
4 Reg. Reg. Irreg. 













15 Irreg. Irreg. Irreg. 
17 Reg. Reg. Irreg. 
In these records no connection can be seen 
77. 
between re ;ularity and the presence or absence 
of kinaesthetic imagery. Of those who stated 
they were conscious of movement, three were 
regular throughout and Levo irregular throughout. 
Of the four cases who had no kinaesthetic imagery 
three were regular and one irregular in the 
waking state. 
78. 
These findings are in keeping with the work 
recorded above by previous writers. Peterson and 
Jung had concluded that regularity was dependent 
more on intellectual than on emotional factors. 
The above results would bear out the supposition 
that where there is no tendency to think in terms 
of one's own voice the rhythm is peculiarly regular. 
Where, however, the individual is inclined to 
vocalise, the rhythm becomes irregular. This 
irregularity would seem to be dependent on move- 
ments of muscles of the chest to a greater extent 
than of those of the larynx, being noticeable on 
the record during inspiration, as well as expira- 
tion. Those who do not tend to think in terms of 
their own voice, or use a kind of inner speech, 
p 
appear from the above results to use predominantly 
visual imagery. 
Further work remains to be done to elucidate 
the relation of type of rhythm to type of imagery. 
For instance the respiration of a series of con- 
genitally blind individuals might be tested in 
order to ascertain whether they breathed irregular- 
ly, and a series of congenitally deaf individuals 
in order to see whether their respiration were 
79. 
regular. The latter test would not be so con- 
clusive, since nowadays such patients are taught 
to vocalise from an early age.) 
Respiratory Rhythm during Noriaal Sleep. 
Light records of three different subjects 
who fell asleep in a plethysmographic apparatus 
made on the sanie principle as that used in the 
present series was compared to the above records. 
I am indebted to Dr. Antonovitch for these re- 
cords, hitherto unpublished. In each case the 
subject became more irregular in the dozing 
state which preceded sleep. During sleep the 
subject became regular. In the case of one 
who was fairly regular when awake, the rhythm 
became regular in sleep. 
RESP IPÀTI ON IN PSYCHOTICS. 
Records of 179 psychotic patients were 




















































































































































































































































































































































































































































































































Percentage of Regular Breathers among 




Under 1. 2 -5 6 -10 11 -20 over 20. 
years during which schizophrenics have been in Hospital, 
The percentage of Regular Breathers rises from 38 per cent. 
in those admitted less than a year previously to 83 per cent. of those 
who have been in Hospital more than 20 years. 
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32 were melancholic, and 14 were epileptic. As 
has been already reported, the schizophrenics 
differed on the average from normal subjects in 
that their breathing was shallower and more rapid. 
The rhythm of respiration in schizophrenic 
patients was studied to find out whether it dif- 
fered in respect of regularity or irregularity 
from that of normal subjects. The same technique 
was employed as previously in the case of normal 
subjects. In all, 136 schizophrenics were 
examined, 100 males and 36 females. Of these, 
94 were classed as regular and 42 as irregular. 
This represents 69.1 per cent. of regular breathers 
as compared to 49.2 per cent. of regular breathers 
in the normal group. Examination of the schizo- 
phrenic group showed that the irregular breathers 
were mostly to be found among those who had been 
ill for less than five years. (Table XII. and 
Fig. 6). It will be seen from the Table that 
out of those who had been in hospital for less 
than one year 11 were regular and 18 irregular. 
Fig. 6 shows how the percentage of regular breath- 
ers goes up according to the length of time that 
the patient has been in hospital. 
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Further analysis.of the figures, however, 
showed that the difference between the percentage 
of regular breathers among the schizophrenics who 
had been in hospital less than one year, and those 
who had been in from two to five years was not 
significantly different. Neither of these groups 
was significantly different from normals. All the 
schizophrenic groups, however, who had been in 
hospital more than five years showed a significant- 
ly greater percentage of regular breathers than the 
other three groups, namely, (1) the normal group; 
(2) the group of patients admitted less than one 
year and (3) the group of patients admitted 2 - 5 
years previously. 
When we examine the records of 32 melancholic 
patients we find that 14 are regular and 18 irregu- 
lar. (As only 3 of these had been in hospital 
more than five years, it was not possible to corre- 
late regularity with the duration of the illness, 
as has been done in the case of the schizophrenics.) 
Of the epileptics who had been in more than 20 
years, eight were regular and one irregular. These 
were all considerably demented. Of those who had 
been in less than five years, 2 were regular and 2 
82. 
irregular. 
It may be observed, then, from these cases 
that where there is considerable dementia whether 
in schizophrenics or epileptics, the respiration 
is usually regular. The most regular were those 
who were not able to do work of any kind. 
No marked difference cöuld be seen between 
the record of the typically regular normal and 
that of the typically regular schizophrenic. The 
extremely regular type of rhythm however, such as 
is found in sleep, was coin oner among schizo- 
phrenics than normals. There was no obvious 
difference between the typically irregular normal 
and the irregular schizophrenic. 
Some schizophrenics, however, gave rather 
unusual respiratory records, such as periodic 
holding of the breath,. (Fig. 7). Another showed 
a curious tremor of the respiratory muscles during 
each respiration (Fig. 8). Ther6 were still 
other unusual records which were in keeping with 
the rhythmical and bizarre character of other 
schizophrenic symptoms. 
Records showing Hallucinations. 
It not infrequently occurred in one of these 
FIG. 8. 
Rhythmical tic -like respiratory 
movements in a schizophrenic. 
FIG. T. 
Schizophrenic, a regular breather, shows 
irregular respiration between H 
1 
- H2 during 
which time he was hallucinating. No 
movement of lips or larynx were noticeable. 
Sek ue ó 3 
Fig. Y0. 
To show the I/E ratio described by some writers 
as being different in schizophrenics from normals. 
Inspiration is shown by an upstroke, and expiration 
by a downstroke. I shows the duration of inspir- 
ation, and E of expiration. 
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experiments that while.a patient was breathing 
'regularly he suddenly started to breathe irregu- 
larly. (Fig. 9). When questioned, he would say 
that he had heard a voice speaking to him, even 
although his lips had not been observed to move. 
On more than one occasion this occurred where 
the patient had denied hallucinations, but later 
admitted them, when asked about his thoughts at 
the moment when his breathing changed. 
On other occasions sudden irregularity of 
breathing was found to be accompanied by olfac- 
tory hallucinations. 
THE I : E REIT IO . 
Some writers have claimed to find a differ- 
ence in the character of the respiratory curve 
obtained from schizophrenics as compared to that 
obtained from normals. In these experiments 
inspiration is represented on a moving drum by 
an upstroke and expiration by a downstroke. One 
can compare the duration of inspiration with that 
of expiration? The duration of inspiration 
divided by the duration of expiration has been 
called "inspiration- expiration ratio ". The 
41- See Fig. /O. 
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expiration period lasts from the end of inspir- 
ation to the beginning of the next inspiration 
and so includes the respiratory pause. 
Now, if the rate of respiration be decreased 
the decrease in rate occurs chiefly at the ex- 
pense of the respiratory pause. Since, then, 
the respiratory pause is included in the expira- 
tory phase, E will be relatively longer. For 
instance, IJignot and Le Grand studied a few cases 
in which there was especially slow respiration. 
They therefore found that the I : E ratio from 
being 10:14 in normals was as much as 10:20 or 
even 10:80. Since however in most cases of 
schizophrenia the rate of respiration is increas- 
ed, the I : E ratio is less than 10:14. 
Other Characteristics of the Respiratory 
Curve in Schizophrenics. 
A great deal of the work done on this 
subject gave negative results. It has been 
said by an Italian Sandri (31) that in schizo- 
phrenics if inspiration is represented by an 
upstroke, the first -half is steeper than the 
second half. In normals it is said that this 
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feature is much less marked. In expiration 
also, the first half of the downstroke in 
schizophrenics is said to be steeper than the 
second half. In the present series, however, 
no difference of such a kind could be seen in 
the plethysmographic tracings, nor in the 
thoracic nor abdominal tracings where these 
were also carried out. 
REACTIONS TO STIMULI BY NORMALS AND 
SCHIZOPHRENICS. 
Both normals and schizophrenics were sub- 
jected to certain disturbing factors, in order 
to ascertain whether the latter's change of 
respiratory depth and frequency was significant- 
ly different from that of the former. The 
first of these consisted of a mental exercise. 
Not only normals but also those schizophrenics 
who could give correct answers, were asked to 
add up a column of figures while sitting in the 
apparatus. 
43 normals and 34 schizophrenics were sub- 
jected to this test. (Table XIII.) With the 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to be significantly different. This, however, 
may have been due to the fact that too few 
cases were examined. The frequency and also 
the total ventilation, however, were signifi- 
cantly greater during addition. 
In the schizophrenic group the height and 
frequency were not significantly changed during 
the mental exercise compared to the undisturbed 
state. The change of total ventilation was 
found to be on the border line of significance. 
20 normals and 20 schizophrenics were also 
subjected to a painful pinch. Following the 
pinch there was a significant decrease in the 
height of the curve both in normals and in 
schizophrenics. The changes in frequency and 
volume, however, were not significant in either 
class. 
Statistical analysis showed that the only 
values of normals in both these tests which could 
be compared with those of schizophrenics were, 
(1) Volume of respiration in the addition test, 
(2) Frequency of respiration during the addition 
test, and (3) Height of respiration during the 
pinch. (Table XIV.) 
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It will be seen. from the table that the 
only significant difference is in the frequency 
of respiration during addition. This is signi- 
ficantly greater in the normals than in the 
schizophrenics. 
From the above figures, then, no very 
decisive conclusions can be drawn, owing to the 
relative amount of scatter, and the relative 
paucity of material. One can only say that 
the figures have not proved the existence of a 
greater or less reaction to pain in schizo- 
phrenics. They allow, however, of a tentative 
conclusion that there is a greater increase of 
the frequency of respiration during mental 
exercise in normals than in those schizophrenics 
capable of correct addition. 
Both normal and schizophrenic individuals 
were also subjected to the sudden hoot of a 
motor horn and also to the light of a magnesium 
flare. The reactions, however, varied so much 
from individual to individual that no conclusion 
could be drawn. 
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DISCUSSION. 
As has been already stated the whole sub- 
ject of the relation of normal and pathological 
mental processes to the respiratory curve is a 
very large one. 
In what follows an attempt is made to 
answer the three questions which were suggested 
in describing the scope of the present enquiry. 
1. Is there any particular mental process which 
gives a special type of respiratory record? 
In the present study there was seen to be 
a relation between the type of mental imagery, 
auditory or visual, and type of respiration, 
irregular or regular respectively. 
As already mentioned, early investigators 
obtained no very clear results when they attempt- 
ed to find characteristic respiratory curves for 
various emotions. Peterson and Jung (loc.cit), 
however, stated that the respiratory variations 
were associated with intellectual rather than 
emotional changes. Golia and Antonovitch (loc. 
cit.) went further and concluded that irregu- 
larity was associated with auditory imagery and 
regular with visual imagery. 
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In the present study the main argument to 
prove that regularity of rhythm tends to go 
with visual imagery was provided by the fact 
that where the subject was asked to work out a 
problem requiring visual imagery, the respira- 
tion was nearly always very regular except in 
those cases, where the individual appeared from 
subjective tests to find difficulty in using 
visual imagery at all. Again, subjects nearly 
always breathed with an irregular rhythm while 
doing a test which experience had shown usually 
to require auditory imagery, with a tendency to 
vocalisation, except where the individual found 
difficulty in employing any sort of auditory 
imagery. 
An attempt was made to examine 65 normals 
by subjective and objective tests to see whether 
they used predominantly visual or auditory 
imagery. It was then found that regularity of 
rhythm corresponded to visual imagery in 75.0 
per cent. of cases, and irregular rhythm to 
auditory imagery in 72.8 per cent. of cases. 
It is possible that these percentages might have 
been even higher if more appropriate tests had 
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been carried out. These results were further sup- 
ported by an examination of subjects in the hyp- 
notic state. 
A considerable amount of evidence, therefore, 
has been brought forward to indicate that regular 
breathing is accompanied as a rule by visual 
imagery and irregular by auditory imagery, the sub- 
ject tending to use a kind of inner speech in the 
latter case. 
2. Is there any feature which is more frequently, 
or solely, found in the respiratory curve of 
a psychotic compared to a normal individual? 
It has been found that the respiration of 
schizophrenics is more shallow and more rapid on 
the average than normal subjects. 
Further, those schizophrenics who had been 
in hospital more than five years showed a signi- 
ficantly greater percentage of regular breathers 
than either normals or recently admitted schizo- 
phrenics. About 83 per cent. of those who had 
been in hospital over 20 years were regular com- 
pared to 49 per cent. of normals. 
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Further work is. therefore suggested on the 
subject of the mental imagery of schizophrenics, 
to find out whether these use predominantly 
visual imagery, and if so, whether it differs 
from that employed by most normal persons. The 
question as to whether the regularity of rhythm 
accompanies a mere cessation of mental processes, 
or a series of visual images remains undecided. 
Schizophrenic patients were found on occa- 
sion to give peculiar kinds of records which 
would not be found in normal subjects. Some, 
for instance, showed a regularly recurring 
phenomenon such as holding the breath. Another 
feature which was characteristic of schizophrenia 
was extreme regularity of rhythm broken by a 
temporary extreme irregularity, followed again by 
a very regular rhythm. Yet during the irregular 
period the patient's lips or cheeks were not 
observed to move. These patients were found to 
be hallucinating. 
3. Are the respiratory reactions of psychotic sub- 
jects to various stimuli different from those 
of normal subjects? 
It was difficult to devise tests which would 
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give sufficiently uniform results in normals 
to enable them to be compared to those obtained 
from schizophrenics. When those schizophrenics 
who were capable of giving correct totals in 
adding up a column of figures were compared to 
normals, the increase of respiratory rate was 
significantly less than the increase of rate 
during adding in normals. No conclusions could 
be drawn with regard to pain, sound or light 
reactions. 
In conclusion I would state my indebtedness 
to Dr. C.P. Richter for allowing me to work in 
his laboratory at the Johns Hopkins Hospital, 
1930 -31. The work done then gave rise to Sec- 
tion I. of this thesis. A brief report of some 
of these experiments was given in the Arch: Neur. 
and Psych. XXIX. 1933 p. 231 ff. under the title 
"Action of Scopolamine and Carbon Dioxide on 
Catalepsy produced by Bulbocapnine" by A.S.. 
Paterson and C.P. Richter. The conclusions 
however were somewhat different, being based on 
much fewer of my records. A brief report of 
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part of Section 2 also appeared in print in the 
Jour. Neur. and Psychopathology XIV. 1934 55 
p. 323 entitled "The Depth and Rate of Respira- 
tion in Normal and Psychotic Subjects." 
Dr. Percy Stocks, London, was kind enough 
to help me with the statistical work involved. 















SUI LIS RY. 
Section I. 
Preliminary remarks are made regarding the 
pathology of the serious forms of mental disorder 
grouped under the title of schizophrenia. b,orbid 
anatomy and bacteriology which have been useful 
elsewhere have not found much scope here. Adolf 
Yeyer's conception of the disorder as a progressive 
maladaptation of the individual to his environment 
does not negative the possibility of progress in 
our knowledge of the malady from the standpoint of 
psychology, heredity or physiology. As was the 
case with tuberculous patients, attention must be 
directed to the early stages of the disease, when 
physiological changes are first noticeable. In 
the present investigation, attention has been 
directed in the first instance to the physiologi- 
cal aspect of the disorder. 
2. The system which his been chosen for study is 
the respiratory system. It has long been known 
that changes of respiration are closely related 
to cerebral function. Latterly Loevenhart, Lorenz 
and 7iaters reported that inhalation of high con- 
centrations of carbon dioxide was responsible for 
a temporary relief from symptoms in cases of cata- 
tonic stupor. .an account is given of the experi- 
ment described by these workers. The writer also 
carried out such an experiment at Baltimore. 
3. Loevenhart, Lorenz and 'raters were uncertain 
how far these phenomena could be explained at the 
physiological level, as the effect on muscle and 
brain of the carbon dioxide, or how far it was the 
manifestation of a psychological change. Others 
have thou: ht that mere fright could explain the 
phenomenon. 
4. The writer working with C.P. Richter was able 
to reproduce in macac monkeys, symptoms reseabling 
those of catatonia by means of moderate doses of 
bulbocapnine. The animals were cataleptic, stupor- 
ous and showed certain autonomic nervous symptoms 
similar to those found in catatonics. He was able 
to test the intensity of the catalepsy by a special 
technique. This consisted of hanging the monkey 
at intervals from a bar. The length of time that 
the monkey remained suspended on each occasion cor- 
responded to the intensity of the catalepsy. The 
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duration of the catalepsy was also measured, as 
the monkey refused to hang, when the effect of the 
drug wore off. Charts were thus made, the ordi- 
nates corresponding to the intensity, and the 
abscissae to the duration of the catalepsy. 
5. In the present series, twenty -two records 
were made of the effect of carbon dioxide on the 
muscle tone of monkeys made cataleptic by bulbo- 
capnine, as measured by the hanging response. The 
carbon dioxide was given in doses varying from 15 
to 50 per cent, and was given as 'a rule when the 
catalepsy was submaximal. In general, doses of 
15 per cent caused no increase of the cataleptic 
state, 25 per cent caused a marked increase, while 
35 per cent and over, caused a temporary abolition 
of the catalepsy, followed by an augmentation or 
at least recurrence of the previous catalepsy. It 
was further observed that where the catalepsy was 
already maximal with bulbocapnine, as little as 15 
per cent of carbon dioxide would cause the catalepsy 
temporarily to disappear. 
6. Since moderate doses of carbon dioxide were 
found to increase the intensity of bulbocapnine 
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catalepsy, experiments were carried out to see 
whether carbon dioxide alone would produce the 
hanging response. Administration of 15 per cent 
failed to produce the response, or produced a 
slight transitory effect. Twenty five per cent 
produced it at once, when it might last for as long 
as 20 minutes. Doses of 35 per cent and over 
caused the reflex to disappear temporarily, after 
the administration ceased. The reflex returned 
within a minute, without further administration of 
the gas. 
7. Using the word catalepsy in the narrow sense 
of "increase in muscle tone as measured by the hang- 
ing response ", we can differentiate three states 
produced by carbon dioxide, namely the pre- catalep- 
tic, the cataleptic and the ultra- cataleptic, re- 
sulting from small, moderate and high concentrations 
of the gas respectively. It thus resembles bulbo- 
capnine, with which in this respect it is synergic, 
and not antagonistic to it. On the other hand, 
whereas the cerebral states with increasin_ doses 
of bulbocapnine are those of drowsiness, stupor and 
wild excitement, with carbon dioxide the animal is 
active in the first two phases, but, as a rule, 
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drowsy in the last. The monkey which has al- 
ready been made cataleptic by bulbocapnine and 
then given carbon dioxide, assumes an appearance 
approaching normality. This is caused by the 
monkey passing into the ultra -cataleptic state, 
the cerebral condition resulting from the combined 
results of the two drugs, the one making for stimu- 
lation and the other for depression. The animal 
before becoming normal, has again to pass through 
the cataleptic phase. 
8. Reference is made to the work of Giacomo who 
injected bulbocapnine into human catatonics. Some 
of these became more cataleptic, while others 
passed into a state of catatonic excitement. It 
is pointed out that these results are the same as 
are found when an additional dose of bulbocapnine 
is given to monkeys already made cataleptic by but= 
bocapnine. If the catalepsy is submaximal the 
animal becomes more cataleptic. If maximal, it 
passes into an ultra -cataleptic state resembling 
catatonic excitement. 
9. The drug amytal which interrupts catatonic 
stupor was found to have an action on muscle similar 
to that of carbon dioxide. 
10. It is concluded from these experiments that 
the action of carbon dioxide on catatonic stupor in 
man is not strictly antagonistic. On the analogy 
of its action on monkeys made cataleptic by bulbo- 
capnine, one may conclude that the patient passes 
into an ultra- cataleptic state from which he can 
only become normal by first becoming cataleptic 
again. The action of the carbon dioxide is pro- 
bably to make the catalepsy more intense after the 
ultra -cataleptic phase has worn off. 
Better results in catatonia are to be expect- 
ed from a drug which decreases muscle tone, not 
one which increases it, like carbon dioxide. The 
object of such experiments in monkeys is to find a 
drug which will bring the cataleptic monkey back 
to normal, not one which causes it to pass into the 
ultra- cataleptic phase. It should be a arug which 
will keep the monkey normal for as long as possible. 
11. Emphasis is laid on the fact that carbon diox- 
ide, which is capable of causing and abolishing the 
cataleptic state, is a natui al product of metabolism 
and that its concentration in the blood must depend 
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on the respiratory function. s it has frequent- 
ly been observed clinically that schizophrenics 
appear to breathe very shallowly, a fúrther investi- 
gation was carried out to establish this fact 
definitely and also to look for any other abnormal- 




Although statements have previously been made 
by different observers that schizophrenics appear 
to breathe more shallowly than normal subjects, 
reports have been contradictory regarding the rate 
of respiration. The only experimental evidence 
has depended on instruments in the nature of rubber 
tubes fixed round the subject's chest. In no pre- 
vious investigation has more than about a score of 
individuals been examined. 
2. In the present study a plethysmographic 
apparatus was used by which the amount of air pass- 
ing in and out of the chest (tidal air) could be 
measured. The rate was also recorded. Vdith this 
instrument 62 normal subjects and 121 schizophren- 
ics were examined. The schizophrenics were found 
to breathe more shallowly and more rapidly on the 
average than normals, the difference being signi- 
ficant. This did not apply to a group of 19 
female melancholics nor 6 male melancholics. 
3. It is pointed out that the type of respira- 
tion employed by the schizophrenics is an ineffi- 
cient one. Allusion is made to the work of J.S. 
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Haldane and his 
- pupils. in which this rapid shallow 
type of respiration has been discussed. They 
have found that in most cases this was associated 
with oxygen desaturation of the arterial blood. 
This condition was found in cases of cyanosed 
schizophrenics by Hinsie and Segal. 
4. Evidence is adduced that patients showing 
severe symptoms of catatonia breathe slowly as 
well as shallowly. Such cases however are less 
frequent in the modern mental hospitals where 
occupational therapy is employed. It is conclu- 
ded that the increased rapidity of breathing among 
schizophrenics to some extent compensates for the 
diminished depth, but that when this fails, the 
severe catatonic state ensues with cyanosed ex- 
tremities and torpor of mind. This state can be 
improved by enforced breathing exercises (G.F. 
Peters), and by occupational therapy generally. 
5. It is remarked that the respiration in most 
catatonics does not resemble that found in the 
dozing or sleeping states. In mild catatonia the 
breathing is shallow but rapid, while in severe 
catatonia it becomes slower. In the drowsy state 
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which precedes sleep, the breathin is deep and 
very slow, while in sound sleep it becomes shallow 
and slightly more rapid. 
Various observers, from the days of Hahlbauì 
and T.S. Clouston, have remarked on the frequency 
of tuberculosis among these patients in comparison 
with other types of mental disease. The results 
of the present study indicate that this is probably 
caused by the shallow tyre of respiration with in- 
sufficient expansion of the lungs, rather than the 
result of poor physique generally; 
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Section III. 
1. The respiratory function is next studied in 
its relation to the higher cerebral centres. A 
description is given of previous work on the sub- 
ject. Some earlier workers had studied the ef- 
fects of various emotions, pleasant and unpleasant 
stimuli etc. on the respiratory rhythm. On the 
whole the results were disappointing. 
2. F. Peterson and O.G. Jung indicated that 
changes of respiration were more closely related 
to conscious thou-"ht and vocalisation than to 
emotional changes. Golla and Antonovitch found 
that about fifty per cent of normal individuals 
breathed with regular rhythm and about fifty per 
cent with irregular rhythm. They stated that the 
regular breathers more commonly employed visual 
imagery as an instrument of thought, while the 
irregular employed predominantly auditory imagery, 
the tendency to vocalisation being responsible for 
the irregularity. 
3. In the present enquiry, an attempt is made to 
answerthree questions in relation to respiratory 
rhythm. (a) Is there any particular mental pro- 
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cess which in normal subjects gives rise to a 
special type of respiratory tracing? (b) Is 
there any feature which is more frequently found, 
or any feature which is only found, in the res- 
piratory record of a psychotic individual as com- 
pared to a normal? (c) rare the respiratory 
reactions of psychotic subjects to various stimuli 
different from those of normal subjects? 
4. The respiratory records of 65 normal subjects, 
and of 178 psychotics were examined. Of the nor - 
mals, 32 breathed with a regular rhythm and 33 with 
an irregular rhythm. The various causes of irreg- 
ularity of respiratory rhythm are investigated, and 
evidence is brought forward to show that auditory 
imagery with-its tendency to vocalisation is res- 
ponsible for this irregularity, when other causes 
have been excluded. 
5. The following facts support this conclusion. 
Forty four normal individuals were set a problem, 
the solution of which would ordinarily demand 
visual i_iagery. Eighteen were regular in one task 
but irregular in the other. Of these 18, all 
except one showed regular rhythm in the test for 
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which visual imagery was indicated but irregular 
rhythm in the test for which auditory imagery 
was commonly used. Thirteen individuals were 
regular in both tests, and 13 irregular in both 
tests. Subjective examination of these indi- 
viduals indicated that 12 of the 13 regular 
breathers employed predominantly visual imagery, 
while 10 of the 13 irregular breathers had a 
preference for auditory imagery. 
6. Since visual and auditory images are more 
vivid in dreams, respiration was recorded while 
the subjects for experiment were in the hypnotic 
state. On waking from this state, a subject 
can readily recall whether he had been employing 
visual or auditory imagery. It was suggested 
to the subject that he was to do multiplication 
tables and that he would either hear someone re- 
cite them or see them on a board. It was con- 
sidered that those who heard the tables were ' 
predominantly "auditory" thinkers, and those who 
saw them, predominantly "visual" thinkers. The 
following results were obtained. Of the 17 
subjects - 
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B saw the multiplication tables (Class 1) 
5 heard a voice recite them (Class 2j 
4 saw and heard simultaneously (Class. 3) 
The rhythm was exarrcined of such subjects, 
(a) when awake, (b) when dreaming a visual dream, 
(c) when dreaming that they were listening to a 
tune. 
Class (1) were all regular during the visual 
dream, and also when awake. Three of these were 
irregular during An auditory drear;. 
Class (2) were all irregular during the 
auditory dream. Four out of the five were 
irregular when awake, and two were irregular 
during the visual dream. 
Class (3). Three of this class were 
irregular during the auditory dream, and three 
were regular during the visual dream. Three 
were regular when awake. 
I:cone of those who were regular throughout 
used auditory imagery from choice, and nohe of 
those were irregular throughout used visual 
f2= 
By the-3e results the former conclusions are 
strength, :_a.mely that tho.:-,..e bsve a 
1C 
preference for visual imagery breathe regularly, 
while those with a preference for auditory imagery 
breathe irregularly. 
These results were taken as showing that 
individuals vary considerably in their tendency 
to vocalise when thinking. Where this is present, 
the subject finds himself employing sound images, 
and his breathing is irregular. Where there is 
no tendency to vocalise, the respiration remains 
regular and the imagery is visual. 
7. Of the 136 schizophrenics, 94 were regular 
and 42 irregular. When these were arranged in 
groups according to the length of time spent in 
hospital, of those who had been in hospital less 
than one year 38 per cent. were regular; of 
those from two to five years, 61 per cent. were 
regular; fron 6 to 10 years, 80 per cent; 11 
to 20 years, 82 per cent. and over 20 years 83 
per cent. Thus among the groups who had been 
in hospital more than 5 years, the proportion of 
regular breathers was significantly higher. Of 
the 32 melancholic patients, only 3 of whom had 
been in hospital more than 5 years, 14 were 
regular and 18 irregular. 
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Of the epileptics who had been in hospital 
more than 20 years, S were regular and 1 irregu- 
lar. These were all considerably demented. Of 
those who had been in less than 5 years, 2 were 
regular and 2 irregular. 
8. There was no characteristic difference be- 
twen the regular rhythm of normal subjects and 
that of schizophrenics. In the latter group, how- 
ever, an extreme degree of regularity was more fre- 
quent. They also .showed on the whole a shallower. 
and more rapid rhythm. Some showed records of a 
peculiar character not found in normals. Those 
with hallucinations showed characteristic records, 
the extreme regularity being broken by .extreme 
irregularity during the hallucinations, even when 
there was no movement of lips. 
9. Reactions of the respiratory mechanism to 
stimuli were studied in normals and schizophrenics. 
Not enough cases were examined to give very defin- 
ite results owing to the scatter among normal sub- 
jects. There was a significant difference, how- 
ever, between the reaction of those schizophrenics 
who were able to perform an intellectual exercise, 
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and norrkals. The schizophrenics did not react 
with so great an increase of res Aratory rate. 
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TABLE .I. 
Showing the effect of different doses of carbon dioxide on monkeys made cataleptic by 












































15 per cent CO2 
10 
i 
2330 50 91 15 12 22 20 19 CO2 has no marked 
effect (See Chart 
2). 
6 4960 50 . 52 15 4 16 10 12 ditto. 
8 2880 50 95 15 l2 55 12 48 Catalepsy maximal 
before CO2 given 
(See Chart 6). 
8 2880 50 109 15 6 17 26 26 Catalepsy almost 
disappeared when 
CO2 given (See 
Chart 7). 
25 per cent CO2 O 
12 790 30 58 25 1i 38 46 46 Immediate increase 
of catalepsy. 
6 4960 50 44 25. 12 11 17 17 ditto. 
(See Chart 3). 
"J" 4030 75 70 25 24 17 27 27 ditto. 
"E" 3710 75 79 25 3 28 30 30 ditto but slight. 
"C" 3730 75 73 25 3 14 20. 20 Immediate increase 
of catalepsy. 
35 per cent CO2 




1 2790 75 106 35 1 21 3 19 ditto. 
2 2580 75 58 35 4 19 4 16 ditto. 
5 2810 50 26 35 4 37 0 34 CO2 temporarily 
abolished cata- 
lepsy. 
4 2950 75 46 35 4 29 0 19 ditto. 
10 233 5 0 0 98 35 4 41 0 22 ditto 
(See Chart 4). 
50 per cent CO2 
6 4960 50 54 50 1 14 0 23 ditto. 
TABLE II. 
Showing behaviour of the Hanging Response to various doses of Carbon Dioxide. 



































15 12 Yes No 2 Under 1 
15 3 No - 
15 42 No - 
5 2810 15 6 No - 
25 1 Yes No 21 Under 1 
40 1 Yes Doubtful 31 Under 1 
40 2.2 Yes Yes 30 27 
40 5 Yes Yes 7 
15 11 No 
15 42 Yes Doubtful 3 Under 1 
15 6 No 
6 4960 15 6 Yes No 18 Under 1 
25 11 Yes No 35 1 
25 2- Yes No 21 2 
40 1g- Yes Yes 25 2 
40 22 Yes Yes 25 15 
15 lz Yes No 11 Under 1 
15 6 Yes No 53 7 
8 2880 25 11 Yes No 19 2 
25 2- Yes No 17 2 
40 l- Yes Yes 50 1 
40 2z Yes Yes 33 9 
15 11 No 
15 41 No 
15 6 No Under 1 
9 2890 25 2-' Yes No 2 Under 1 
40 1 Yes Doubtful 30 Under 1 
40 2-L- 2 Yes Yes 16 2 
40 5 Yes Yes 32 
15 1* Yes No 14 12 
15 3 Yes No 48 20 
15 4* Yes No 64 6 
15 6 Yes No 33 10 
10 2330 25 l& Yes No 45 4 
25 21 Yes No 65 61 
40 1p Yes Doubtful 49 Under 1 
40 2 Yes Yes 47 45 
40 5 Yes Yes 48 9 
